We provide a new expression of the pseudo-random sequence length needed for reliable testing of DM periodic optical links with optimized pre-and post-compensation, and show that it scales linearly with bitrate.
Introduction
Reliable simulations and measurements of the performance of dispersion-managed (DM) optical links are based on the transmission of a pseudo-random bit sequence (PRBS) of length 2 n − 1, where n must exceed an a-priori unknown integer m, i.e., the memory of the DM system. The reason is that the PRBS contains all patterns of n bits, and it must thus be able to reproduce all intersymbol-interference patterns. Knowing the memory of a DM system is of particular interest in the pseudo-linear regime, where the large accumulated dispersion may impose unpractical large values of n in order to correctly reproduce all possible intra-channel distortions [1] . In [1] , the authors proposed a simple phenomenological estimate of m, and experimentally validated it at 40 Gb/s for return-tozero (RZ) and carrier-suppressed RZ (CSRZ) modulation formats. The formula in [1] is based on the maximum cumulated dispersion where signal power is large enough to generate nonlinear effects, and it predicts a scaling of m with the square of the bitrate R.
In this work we show that for an ultralong DM system with optimized pre-and post-compensation and with periodic in-line compensation a different expression for m applies, which scales only linearly with R. The formula is based on a linearization of the DM nonlinear Schrödinger equation (DM-NLSE) [2] , and is validated against split-step Fourier (SSFM) simulations of a single channel NRZ on-off keying (OOK) signal propagating into a 20 × 100 km DM link.
Theory
Starting from a linearization of the DM-NLSE around a constant wave (CW) solution, in [3] a closed-form expression of the power spectral density of amplified spontaneous emission (ASE) noise at the end of a DM link was provided. The same linearization can be used for studying the propagation of a low extinction ratio OOK signal, seen as a CW plus a small informationbearing field. As in [3] , the Fourier transforms P(z, ω) and θ(z, ω) of the total field power/phase at coordinate z and frequency ω, are related to their corresponding values at the input of the system z = 0 by:
where P is the average power, and the matrix exponential e M(ω)z , detailed in [3] , contains all the dispersionmanaged system parameters. 
being x the smallest integer larger than x. Since both S and ξ in are proportional to R 2 , a noteworthy implication of (2) is that m scales linearly with R.
Numerical Checks
We next check the above theoretical results. Our target was to measure the DM link memory from SSFM simulations by varying either the bitrate R or the in-line dispersion D in of a single NRZ-OOK channel propagating into a 20 × 100 km DM system, with D T X = 8 ps/nm/km. For the sake of simplicity we overlooked fiber's slope. Once the three system parameters Φ NL , S, ξ in have been extracted from the physical parameters, the simulations acquire a much more general meaning [3] . We derive information on mem- ulations, while dashed circles refer to approximate formula (2). We note that (2) gives a good estimation of DM system memory when the in-line dispersion does not exceed ±50 ps/nm, i.e. when |ξ in | 6|S|.
Conclusions
We proposed a novel expression for the minimum number of bits required to correctly test the performance of a dispersion-managed optical system. We showed that such a number scales linearly with the bitrate R.
